Low susceptibility of asunaprevir towards R155K and D168A point mutations in HCV NS3/4A protease: A molecular dynamics simulation.
Hepatitis C has become an important health problem that requires expensive treatment and leads to liver tumorigenesis. Hepatitis C virus (HCV), which is the main cause of hepatitis C, has a high mutation rate due to the lack of proofreading activity of the RNA polymerase enzyme. The NS3/4A serine protease is an important target for anti-HCV drug discovery and development because of its crucial role in the cleavage of the polypeptides involved in viral replication. In the present study, all-atom molecular dynamics simulation was performed to elucidate the effect of the single point mutations R155K and D168A in the HCV genotype 1 NS3/4A protease on the structural dynamics, molecular interactions and susceptibility of asunaprevir (ASV), a second-generation NS3/4A protease inhibitor. Principal component analysis indicated that these two mutations converted the direction of motion of residues 123, 155 and 168 in the binding pocket to significantly point outwards from ASV, resulting in a loss of the hydrogen bond network of residues R123···R155···D168. The free energy calculations based on different semiempirical QM/MM-GBSA methods revealed that the binding affinity of ASV with the two mutant forms of the NS3/4A protease was significantly decreased in the order of wild-type < R155K < D168A. This work provided useful structural information regarding the atomistic understanding of acquired drug resistance against ASV caused by the R155K and D168A mutations.